Background: Migrant agricultural workers are a group of people living in poverty with poor housing, sanitary conditions and hygiene practices. Little is known about the epidemiology of infection with Toxoplasma gondii in migrant agricultural workers. Methods: We investigated the presence of anti-Toxoplasma IgG and IgM antibodies in 173 migrant workers hired for seasonal agricultural work in Durango State in northern Mexico using enzyme-linked immunoassays. Results: Of the 173 migrant workers (mean age 34.82 ± 14.01 years), 50 (28.9%) had anti-Toxoplasma IgG antibodies and 36 (20.8%) had anti-Toxoplasma IgM antibodies. Seroprevalence was not influenced by gender, age, birth place, or educational level. In contrast, seroprevalence was significantly higher in workers residing in rural areas than those in urban or suburban areas. Migrant workers suffering from memory impairment, dizziness, or syncope had significantly higher seroprevalence of anti-T. gondii IgG antibodies than those without such clinical features. Logistic regression analysis showed that T. gondii exposure was positively associated with consumption of unwashed raw vegetables (OR = 2.39; 95% CI: 1.06-5.35; P = 0.03) and low frequency of eating out of home (OR = 3.87; 95% CI: 1.43-10.42; P = 0.007), and negatively associated with national trips (OR = 0.30; 95% CI: 0.13-0.65; P = 0.003) and consumption of raw milk (OR = 0.40; 95% CI: 0.18-0.87; P = 0.02). Other behavioral characteristics including consumption of meat or untreated water were not associated with T. gondii infection. Conclusions: This is the first report of T. gondii infection in internal migrant agricultural workers living in poverty. Results deserve further investigation of causal relations between clinical symptoms and infection, and may be useful for optimal planning of preventive measures.
Background
Toxoplasma gondii (T. gondii) is a parasite with worldwide distribution [1] . Infections with T. gondii may lead to serious illness affecting mostly lymph nodes, eyes, and the central nervous system [2] [3] [4] . Transmission of T. gondii occurs by ingesting food or water contaminated with oocysts shed by cats or by eating undercooked or raw meat containing tissue cysts [2] . There is poor knowledge about the epidemiology of T. gondii infection in migrant agricultural workers in the world in general [5] [6] [7] , and we are not aware of any report in the medical literature about the epidemiology of T. gondii infection in migrant workers in Mexico in particular. It is important to study migrant agricultural workers since they live in poverty, under poor sanitation conditions and low hygiene practices. They use untreated drinking water and have poor health care services for diagnosis, treatment, and prevention of infectious diseases in general and a lack of laboratory tests for toxoplasmosis in particular. Previous studies in Durango have shown higher frequencies of T. gondii exposure in rural populations [8, 9] than in inhabitants in the urban capital city [10] [11] [12] . Therefore, we sought to determine the seroprevalence of T. gondii exposure in migrant agricultural workers in Durango, Mexico and to identify their characteristics associated with Toxoplasma seropositivity.
Methods

Study design and study population
We performed a cross sectional survey from August 2010 to August 2012 in national (internal) migrant workers hired for seasonal agricultural work in Durango State, Mexico. Migrant agricultural workers in Mexico consist of a particular group of the population who move from region to region within the country to get agricultural work. Many of these itinerant agricultural workers travel from one region to another along with their family members. Local (born in the same Mexican state where they work) migrant agricultural workers outnumber those who migrate from other Mexican states or from abroad. In Durango, migrant agricultural workers come from several regions of Durango State and neighboring states from northern Mexico. The migration patterns of these workers were mostly rural-rural and few were urban-rural. During their temporary employment, migrant workers live in poor socioeconomic conditions including poor housing, food, and sanitation. Inclusion criteria for the study subjects were: 1) migrant workers involved in seasonal agricultural labor in Durango, Mexico, 2) any gender, 3) 14 years and older, 4) any socioeconomic level, and 5) that voluntarily accepted to participate. In total, 173 migrant agricultural workers were studied. They worked in the municipalities of Durango and Canatlán in the valley region of Durango State. Durango municipality has a temperate climate and Canatlán municipality has a semi-cold climate. Migrant agricultural workers had spent up to 3 months in the current work place.
Ethical aspects
This study was approved by the Institutional Ethical Committee of the General Hospital of the Secretary of Health in Durango City. The purpose and procedures of the study were explained to all participants. A written informed consent was obtained from all participants.
Socio-demographic, clinical, and behavioral data
We obtained the characteristics of the participants by using a standardized questionnaire. Socio-demographic data including age, gender, birth place, residence, educational level, and socioeconomic status were obtained from all participants. Clinical data explored included the presence of underlying diseases, presence or history of lymphadenopathy, frequent presence of headache, memory, reflex, hearing, and visual impairments, and a history of surgery, blood transfusion or transplants; in women, a history of abortion was also documented. Contributing and confounding risk factors of behavioral data included animal contacts, contact with cat excrement, foreign travel, type of meat consumption, frequency of meat consumption, consumption of raw or undercooked meat, unpasteurized milk, dried or cured meat, consumption of unwashed raw vegetables, fruits, or untreated water, frequency of eating out of home (in restaurants or fast food outlets), contact with soil, and types of floors at home were obtained from all participants.
Serological examination for T. gondii antibodies Serum samples were obtained from all participants and kept frozen at -20°C until analyzed. Serum samples were analyzed by qualitative and quantitative methods for anti-T. gondii IgG antibodies with a commercially available enzyme immunoassay "Toxoplasma IgG" kit (International Immuno-Diagnostics, Foster City, CA, U.S.A.). Anti-T. gondii IgG antibody levels were expressed as International Units (IU)/ml, and a result equal to or greater than 8 IU/ml was considered positive. In addition, sera positive for T. gondii IgG were further analyzed for anti-T. gondii IgM antibodies by a commercially available enzyme immunoassay "Toxoplasma IgM" kit (International Immuno-Diagnostics, Foster City, CA, U.S.A.). Such a strategy of testing anti-T. gondii IgM antibody only in anti-T. gondii IgG antibody positive individuals, and not vice versa, was selected because anti-T. gondii IgM antibodies disappear with time while anti-T. gondii IgG antibodies appear early after infection and remain over a lifetime. All tests were performed following the instructions of the manufacturer.
Statistical analysis
The statistical analysis was performed with the aid of the software Epi Info version 3.5.3 and SPSS version 15.0. For calculation of the sample size, we used a reference [8] seroprevalence of 23.8% as expected frequency of the factor under study, 1,000 as the size of the population from which the sample was selected, a least acceptable result of 30.0%, and a confidence level of 95%. The result of the calculation was 153 subjects. We used the Pearson's chi-square test and the Fisher exact test (when values were less than 5) for comparison of the frequencies among groups. Bivariate and multivariate analyses were used to assess the association between the characteristics of the subjects and T. gondii seropositivity. Variables were included in the multivariate analysis if they had a P value equal to or less than 0.20 in the bivariate analysis. Odds ratio (OR) and 95% confidence intervals (CI) were calculated by multivariate analysis using multiple, unconditional logistic regression. A P value less than 0.05 was considered statistically significant.
Results
Of the 173 migrant workers, 50 (28.9%) had anti-T. gondii IgG antibodies and 36 (20.8%) were also positive for anti-T. gondii IgM antibodies. Of the 50 anti-T. gondii IgG positive participants, 31 (62%) had IgG levels higher than 150 IU/ml, 2 (4%) between 100 to 150 IU/ml, and 17 (34%) between 9 to 99 IU/ml. General socio-demographic characteristics of the 173 migrant workers and their relation with T. gondii seropositivity are shown in Table 1 . All workers had a low socioeconomic status. Most participants were born in Durango, Mexico. The mean age of participants was 34.82 ± 14.01 years (range 14-89 years). Seroprevalence of T. gondii exposure was not significantly influenced by age, gender, birth place, or educational level. In contrast, the seroprevalence of T. gondii infection was significantly higher in migrant workers residing in rural areas than those in urban or suburban areas (P = 0.04).
With respect to clinical data ( Table 2) , migrant workers suffering from memory impairment had significantly higher seroprevalences of anti-T. gondii IgG than those without this clinical feature (P = 0.007). In addition, migrant workers suffering from dizziness or syncope had significantly higher seroprevalence of anti-T. gondii IgG antibodies than those without such clinical characteristics (P = 0.02). The frequencies of other clinical characteristics including presence or history of lymphadenopathy, reflex, hearing and visual impairments, surgery history, blood transfusion, and transplant history were similar among T. gondii positive and T. gondii negative individuals. Abortion history in women was not associated with T. gondii seropositivity. With respect to IgM seroprevalence, further analysis of clinical data showed that workers suffering from memory impairment also had a significantly (P = 0.02) higher seroprevalence of anti-T. gondii IgM antibodies (16/51: 31.4%) than those without such clinical features (Table 3) , the bivariate analysis showed a number of variables with a P value equal to or less than 0.20 including traveling abroad (P = 0.01), national trips (P = 0.003), consumption of pork (P = 0.03), goat meat (P = 0.19), turkey meat (P = 0.14), opossum meat (P = 0.12), raw milk (P = 0.05), unwashed raw vegetables (P = 0.13), and a low frequency (up to 10 times a year) of eating out of home (P = 0.008). Other behavioral variables including animal contacts, consumption of raw or uncooked meat, and untreated water showed P values higher than 0.20 in the bivariate analysis. Further analysis by using logistic regression (Table 4 ) showed that T. gondii exposure was positively associated with consumption of unwashed raw vegetables (OR = 2.39; 95% CI: 1.06-5.35; P = 0.03) and low frequency of eating out of home (OR = 3.87; 95% CI: 1.43-10.42; P = 0.007), and was negatively associated with national trips (OR = 0.30; 95% CI: 0.13-0.65; P = 0.003) and consumption of raw milk (OR = 0.40; 95% CI: 0.18-0.87; P = 0.02). Consumption of opossum meat was not included in the multivariate analysis because none of the 6 consumers were positive for anti-T. gondii antibodies.
Discussion
The 28.9% seroprevalence of T. gondii exposure found in migrant agricultural workers is comparable with those (22.4%-30.3%) found in other rural communities in Durango, Mexico, including the general population in 3 rural communities [8] , Mennonites [9] and Tepehuanos [13] . However, the seroprevalence found in migrant workers is higher than seroprevalences reported in urban populations in Durango City. The seroprevalence of T. gondii infection ranged between 6.1% and 12% among pregnant women [14] , healthy blood donors [15] , subjects suffering from a number of underlying diseases [16] , and the general population in Durango City [10] . It is likely that differences in sanitation between urban and rural communities may contribute to the differences in seroprevalences. All migrant agricultural workers live in poverty and have poor housing conditions including soil floors at home and lack of urban services including potable water and drainage. In addition, when they work in seasonal agricultural labor out of their homes they live in shelters with very low hygiene and sanitary conditions too. To our knowledge there are no previous study on internal migrant agricultural workers in other Mexican states or other countries, therefore, we cannot compare our results with those of other studies. In a regional context, the seroprevalence of T. gondii infection found in migrant agricultural workers in Durango is higher than those (20.3%-23.5%) found in neighboring Mexican states (Chihuahua, Coahuila and Zacatecas) in a national seroepidemiology survey [17] . However, comparison of these seroprevalences should be interpreted with care since different laboratory methods among the studies were used. We used an enzyme immunoassay while an indirect immunofluorescence test was used in the national survey. In a national context, the seroprevalence of T. gondii infection in migrant agricultural workers in Durango is comparable with the mean national seroprevalence (27.97%) of T. gondii infection reported in Mexico [18] .
Of the behavioral characteristics, T. gondii exposure was positively associated with consumption of unwashed raw vegetables. This finding indicates that parasite transmission might have occurred by ingesting T. gondii oocysts. Shelters for migrant workers had cats. However, it is not clear whether infection occurred during their stay in the shelters or elsewhere. Transmission by parasite cysts was less likely to occur; migrant workers do not eat meat frequently because they cannot afford to buy it. The very high seroprevalence of anti-T. gondii IgM antibodies found in migrant workers suggests recent infections. Nevertheless, interpretation of the increased IgM seroprevalence should be taken with care since tests for detection of IgM antibodies may have a high rate of false positive results caused by limitations in test specificity or persistence of IgM antibodies [19] . Some known clinical features of toxoplasmosis including visual impairment and headaches [2, [20] [21] [22] were observed in some migrant workers. In fact, frequent headaches showed a borderline (P = 0.05) association with T. gondii seropositivity. Of note, seropositivity to both anti-T. gondii IgM and IgG antibodies were associated with memory impairment. This association has been previously reported in gardeners [23] . In addition, we found an association of seropositivity to anti-T. gondii IgG antibodies with dizziness or syncope. Altogether, results indicate that both recent and latent toxoplasmosis cases were present among migrant agricultural workers. The impact of T. gondii on the health of migrant workers may have important labor implications. Migrant workers are paid for piecework; therefore, workers suffering from symptomatic toxoplasmosis may be affected by a reduction in their performance and income. Furthermore, T. gondii infection in workers is of concern since such infection has been associated with reflex impairment [24] and work accidents [25] .
The positive associations of a low frequency of eating out of home and consumption of unwashed raw vegetables, and the negative association with national trips suggest that infection was most likely acquired at home in Durango by eating contaminated vegetables. Therefore, health care providers should focus their attention on educational strategies aimed to improve food hygiene practices in migrant agricultural workers. The negative association of T. gondii seropositivity with consumption of raw milk suggests that this behavioral characteristic did not play an important role in the transmission of T. gondii infection in migrant agricultural workers. 
